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INTRODUCTION
Sediments deposited on the landward terrace of the Walvis Ridge offshore of Southwest Africa record the history of upwelling and enhanced biological productivity associated with the Benguela Current. Several locations under this cold, northward flowing current have been sampled as part of the Deep Sea Drilling Project (DSDP). Based upon concentration patterns of organic carbon, diatom species abundances, and nutrient incorporation in sediments obtained at Site 362 by rotary drilling during DSDP Leg 40, Siesser (1980) concludes that development of this current and the onset of upwelling began about 10 m.y. ago in late Miocene times.
Sediments from nearby Site 532 (Fig.l) were obtained during DSDP Leg 75 by hydraulic piston coring and, therefore, provide a less-disturbed record than contained in sediments from Site 362. Dean et al. (1984) summarized studies of Site 532 sediments and noted two important features not evident from the Site 362 data. First, biological productivity over Site 532 evidently maximized during late Pliocene and early Pleistocene times. Second, cyclic variations in color and in concentrations of organic carbon, calcium carbonate, and clay occur throughout the sedimentary record with average periodicities of 30-60 thousands of years. Diatom compositions lead Sancetta (1984) to suggest that fluctuation in the intensity and location of the Benguela Current might account for the cyclic variations. Such fluctuations may result from glacialinterglacial sea-level changes . This latter possibility has been expanded upon by Gardner et al. (1984) , who conclude that cycles in neither carbonate dissolution nor in local productivity are the principal causes of the variations in sediment color and composition. They instead propose that cyclic changes in global climate resulted in fluctuations in the local influx of land-derived clastic components to the Walvis Ridge sediments, diluting to a greater or lesser degree the largely biogenic record.
To investigate further the nature of the cyclic variations found at Site 532, we conducted detailed studies of samples obtained at 10 cm intervals through three such cycles in one core of opal-rich sediment deposited within the productivity maximum near the Plio-Pleistocene boundary in Hole 532B. The results of our sedimentological studies are reported here. Organic geochemical details are presented separately (Meyers et al., in prep.) , and comparisons with cyclic variations from other parts of the Walvis Ridge record are given in Diester-Haass (1985) .
MATERIAL AND METHODS

Samples
We investigated 37 samples collected at approximately 10 cm intervals from Core 17, located between 69 and 74 m subbottom in Hole 532B. The sediments consist of diatom-rich biogenic marls and oozes made up of varying contributions of nannofossils and foraminifers and contain small amounts of clay. Deposition occurred during the early Pleistocene and late Pliocene at an average rate of 50 m m.y. -1 . Throughout the sediments, light-dark color cycles up to a few meters in core length are found. Light-colored regions contain less clay, organic matter, and pyrite and have more carbonate than do the darker layers. Bioturbation is commonly extensive throughout this unit and has smeared the light-dark banding, yet the alternations remain obvious.
The 375 cm portion of Core 532B-17 studied, contained three light-dark cycles. If the mean linear accumulation rate of 5 cm 1000 yrs-1 is used, then these three cycles total 75,000 years and average about 25,000 years apiece. The average spacing of our 34 samples is 2200 years on this basis.
Analysis
The coarse fractions of sediment were analyzed after being dried, weighed, and separated by washing through 40 and 63 #m sieves. The < 40 gm fraction was dried, and the < 2 pm fraction was used for the clay-mineral analysis. The residue > 40 gm was dried and weighed. The sediment coarser than 63 gm was sieved into five subfractions (63-125, 125-250, 250-500, 500-1000, > 1000 #m) and the weight of each fraction was determined. In each fraction, including the 40-63 gm fraction, about 800 grains were counted (if present) and about 25 grain types were distinguished (various benthonic organisms, planktonic foraminifera (whole tests and fragments), radiolaria, diatoms, terrigenous matter, authigenous components, fecal pellets, plant debris, etc.). The percentage composition of each fraction and of the total sand (> 63 gm) fraction was calculated from these data.
The clay minerals were analyzed after separating the < 2 #m fraction in Atterberg settling tubes. Carbonate was dissolved with acetic acid, and the residues were pipetted onto glass slides. To avoid selective settling of smectite and to obtain maximum parallel texture, the samples were smeared after accumulation of sufficient material from the pipette. Samples were then run in a Philips APD IO diffractometer with Ni-filtered Cu K radiation. The tube was operated at 40 kV and 30 MA. Scanning speed was normally 1 ° 2 ~b min-1, except in a special run to distinguish the kaolinite/chlorite peaks between 24 and 25.5 ° when it was 1/4 ° 2 ~b min-~. Glycolated samples were run under the same conditions. Because the clay-mineral spectrum turned to be very uniform throughout the entire core, additional treatment was only applied on selected samples; these were heated to 350 ° and 550°C, respectively. The basal reflection of montmorillonite shifted, after glycolation, to only about 16 A, but after heating the mineral clearly behaved like montmorillonite. We found similar swelling behaviour of montmorillonites also from Tertiary limestone-marl sequences (Klupsch and Rothe, in prep.) . Peak areas of clay minerals were measured with a planimeter and weighted peak areas were calculated using the factors of Biscaye (1964) . Quartz was similarly determined by measuring the areas of the 101 peaks of powdered bulk samples.
Bulk samples were freeze-dried for determination of their total carbon contents with a Hewlett-Packard 185B CHN Analyzer. Residual carbon was measured after HC1 dissolution of carbonates and was considered to represent the total organic carbon content. Percent calcium carbonate was calculated from the difference between initial and residual carbon contents. Organic matter atomic C/N ratios were determined from residual carbon values. Percent organic carbon contents of the samples were calculated on a dryweight basis for the original, carbonate-containing sediment.
Oxygen isotope ratios of the benthic foraminifer Uvigerina sp. from selected samples were kindly determined by N.J. Shackleton of Cambridge University.
RESULTS
The CaCO 3 content varies between 18 and 59% by weight and shows maximum values in light zones and minimum values in dark units (Fig.2a) . The organic carbon content of the bulk sediment changes between minima of about 1.5% in light units and maxima above 4~/o in dark units (Fig.2b) . Oxygen isotope ratios have been determined only in Section 532B-17-2. Lowest ratios (3.5%0) are in the light unit, and a maximum of 4.5%0 is in the dark unit. The transition from low to high 51sO values is very rapid, within 12 cm (Fig.2c) , which may correspond to about 2400 years.
The sand fraction (> 63 pm: 1-4%) and the coarse silt fraction (40-63 #m: 0.5-2~o) are minor components of the total sediment. These coarse fractions nonetheless contain important information about the bulk sediment. For example, the amount of carbonate dissolution is indicated by the planktonic foraminifera component of the coarse fractions. Biogenic opal in the coarse fraction is only a small portion of the total opal, yet these coarse components accurately profile the total amount under upwelling regimes (Diester-Haass et al., 1973; Diester-Haass, 1977; Thiede et al., 1982) . The composition of the sand fraction ( Fig.2d) is characterized by three main components: radiolaria, planktonic foraminifera and benthos. Sand-sized diatoms occur in one light unit (532B-17-1, 90-140 cm). The percentages of these components show strong variations, with high radiolarian, low planktonic foraminiferal and high benthos abundances in dark units and low radiolarian, high planktonic foraminiferal and low benthos abundances in light units (Fig.2d) .
Within the group of planktonic foraminifera, whole tests and fragments have been counted separately to obtain information on the degree of carbonate dissolution (Thunell, 1976) . Fragmentation values are lower in the light than in the dark units (Fig.2e) , except in the upper portion of Core 532B-17 where no trend is found. The ratio of benthonic to planktonic foraminifera (Fig.2f ) is lower in light units than in dark ones and hence generally parallels the fragmentation curve of planktonic foraminifera. Figure 3 summarizes indicators of variations in fertility. In Fig.3a the measured organic carbon value has been plotted and compared to a calculated organic carbon percentage. The calculated value gives the variations in organic matter content that should exist if only dissolution of CaCO 3 were responsible for varying organic matter contents. Sample 532B-17-1, 75-80 cm, having the highest CaCO 3 content, has been assumed to represent the "pelagic rain" (Dean et al., 1981) . The organic carbon content of 1.5% in this sample is assumed to be the "normal value". For all other samples the organic carbon percentages have been calculated by comparing the loss in CaCO 3 compared to Sample 532B-17-1, 75-80 cm. The ratio of the measured versus the calculated organic carbon content (Cm/Cc) (Fig.3b) gives the factor by which the measured organic carbon content is higher than it would be if it were controlled only by dissolution. In the light units the factor is about 1 ( radiolaria, planktonic foraminifera, benthos, diatoms; (e) ratio of fragments to whole tests of planktonic foraminifera, calculated as (fragments/fragments + whole tests), × 100; (f) ratio of benthonic to planktonic foraminifera, calculated as (benthonic foraminifera/benthonic + planktonic foraminifera), × 100, 20 ~ *.": :
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x . 141~x "." ~" close and controlled only by dissolution of calcium carbonate. In dark units, however, the factor increases up to 1.5, suggesting that more organic matter is incorporated in the sediments during deposition of the dark units. Organic matter C/N ratios vary between 8 and 24 and are not related to dark light cycles (Fig.3c) . Abundance of opaline skeletons of diatoms is an important indicator of surface water fertility. In the coarse fractions (>40 #m) investigated here, they are represented only by the biggest specimens. The more common diameter of diatoms is < 40 #m, hence in the sand (> 63 #m) fraction they are rare (Fig.2d ) whereas in the 40-63 pm fraction they form up to 70%. Maxima are in the light units; minima in the dark ones (Fig.3d) . The opaline skeletons of radiolaria form 17-65°/0 of the sand fraction (Fig.2d) . Because these values can vary as a result of the degree of preservation of planktonic foraminiferal tests, the ratio of radiolaria versus benthonic foraminifera (which are much less subject to dissolution) has been used. These ratios (Fig.3e) show highest values (i.e., highest radiolarian amounts compared to benthonic foraminifera) in the light units and lowest values in the dark units. The radiolarian/diatom ratio ( Fig.3f ) shows strong variations with higher amounts of diatoms relative to radiolaria in the light units and lower proportions in the dark layers.
Benthos make up 15 50% of the sand fraction. These organisms consist mainly of benthonic foraminifera (80 99%). Sponges, caecidae (gastropods), very rare ostracods, and echinoids form the remainder. Echinoderm spicules show variations related to dark/light units, with highest amounts (up to 10-18% of the total benthos) in the light units (Fig.3g) .
The terrigenous components of marine sediments can reflect the climatic history on the continents. In Fig.4a , the percentage of terrigenous matter (mainly quartz, some mica) of the 40-63 #m fraction is higher in dark units than in light ones. In Fig.4b , the 40--63 pm sized terrigenous matter has been shown as both the measured and a calculated percent of the total sediment. Based again on Sample 532B-17-1, 75--80 cm as representing the "pelagic rain" of Dean et al. (1981) the content in 40-63 gm sized terrigenous matter of this sample was assumed to be the "normal" value. By calculating the loss in CaCO 3 in each sample, the 40-63 pm sized terrigenous matter content has been calculated (Table 1 ). In the light units the measured and the calculated terrigenous matter contents are similar, except for the upper part of the lowest light unit, whereas in the dark units the calculated amount is considerably larger. The increase of measured versus calculated 40-63 t~m sized terrigenous matter (Fig.4c) shows factors up to 2-3 in the dark units of the upper part and up to 6 in the dark units of the lower part.
The mineralogical composition of the ,<2 tim fraction (Fig.4d) is uniform throughout both the dark and the light layers. The small variations are within the limit of analytical error. Illite peaks are narrow, indicative of a detrital origin, and chlorite is present as a minor component, barely above the detection limit. . ~ ~x ->63JJm 17 1 601 , .
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DISCUSSION
The light-dark color cycles in Core 532B-17 are accompanied by cyclic variations in nearly all the sedimentological parameters we investigated. We will discuss these results in terms of (1) carbonate dissolution as a reason for light-dark cycles, (2) fluctuations in marine fertility and productivity, and (3) glacial-interglacial climatic changes.
Carbonate dissolution
The CaCO 3 contents show several variations related to the color changes. Concentration is inversely related to organic carbon contents with a good negative correlation (r= -0.87). In comparison, Gardner et al. (1984) report a correlation coefficient of only -0.62 for CaCO 3 and organic matter for the entire 292 m depth of Site 532. In section 532B-17-2, ~180 values are lower in light-colored intervals, reflecting an interglacial period, than in dark intervals, which probably record glacial periods.
Three processes can individually or in combination produce the varying CaCO 3 content we find in these sediments: (1) varying dissolution of calcium carbonate; (2) varying production of calcium carbonate; and (3) varying dilution of calcium carbonate by terrigenous matter and opal.
Varying dissolution of calcium carbonate
With increasing dissolution of CaCO3, shells of planktonic foraminifera become increasingly fragile and more broken; thus, the number of fragments increases compared to the number of whole tests (Thunell, 1976; Berger et al., 1982) . The fragmentation curve (Fig.2e ) parallels the CaCO 3 curve: highest CaCO3 contents are correlated to lowest fragmentation values and vice versa.
As CaCO 3 dissolves in sediments, planktonic foraminifera are preferentially lost, whereas benthonics are relatively enriched, because they are more robust and thus less susceptible to CaCO 3 dissolution (Thunell, 1976; Berger et al., 1982) . Hence, the ratio of benthonic to planktonic foraminifera can also be an indicator of calcium-carbonate dissolution if lateral supply of benthos from shallower water areas can be excluded. Investigation of five test samples from low carbonate content layers by B. Zobel (Hannover) from Site 532 revealed no shallow-water foraminifera, and lateral supply is therefore unlikely. Debris of other benthonic organisms, such as molluscs, bryozoans, etc., which normally indicate shallow-water origins, have also not been found. Variations in productivity/fertility produce much smaller variations in benthos/plankton foraminiferal ratios than those observed in Core 532B-17. For example, off NW Africa the onset of upwelling influence produced an increase in benthos/plankton foraminiferal ratios from 9 to 17% in similar water depths (Diester-Haass, 1978) . For these reasons, we conclude that lateral supply of benthos is not a significant factor in the benthonic to planktonic foraminifera ratio at this site.
The benthonic/planktonic foraminifera ratio (Fig.2f ) parallels the curves of CaCO 3 content and the variations in fragmentation of planktonic foraminifera. Light units have high CaCO3 content and low CaCO3 dissolution as documented by low fragmentation and low benthos/plankton foraminiferal ratios. Dark units, however, have lower CaCO3 contents and high CaCO 3 dissolution revealed by higher fragmentation of planktonic foraminifera and very high benthos/plankton foraminiferal ratios.
The benthonic/planktonic foraminifera ratios vary from 10 up to 90%. A ratio of about 1-10°/0 is normal for the water depth of 1300 m (Diester-Haass, 1982; J.M. Bremner, pers. commun., 1985) . CaCO3 dissolution is intense when ratios increase up to 90%. In the Late Quaternary sequence of Hole 532, fragmentation is only 40-65% and the benthos/plankton foraminiferal ratios correspondingly increase only up to 50% (Diester-Haass, 1985) .
We conclude that CaCO 3 dissolution has a major influence on the light dark layering and on the CaCO 3 content. The dark layers are produced by strong dissolution; the light ones by lesser dissolution of CaCO~. This finding is contrary to the conclusions of Gardner et al. (1984) , who believe that dissolution is not important and that dilution by terrigenous clay is the main reason for light-dark cycles in these Walvis Ridge sediments.
What is responsible for these strong variations in carbonate dissolution? In the deeper parts of the Atlantic Ocean, calcium-carbonate dissolution variations have been found in a glacial-interglacial periodicity and attributed to depth variations of the Antarctic Bottom Water (Gardner, 1975 , Balsam, 1983 or to variations in the CO~-ion concentrations (Broecker and Takahashi, 1978; Thunnell, 1982) . In the shallow area (1300 m water depth) investigated here, these explanations are not applicable because it is outside of the influence of the AABW and far above the calcite compensation depth.
A possible factor involved in the strongly varying carbonate dissolution rate is the dissolved CO2 content of the bottom water and upper sediment layers. This is strongly influenced by input of organic matter and its subsequent oxidation. This CO 2, produced by bacterial activity from organic matter, increases carbonate dissolution (Berger, 1970; Thunell, 1976; Swift and Wenkam, 1978) . In the sediments of Core 532B-17, organic matter contents are rather high and provide a potential source of sea-bottom CO2.
Varying production of calcium carbonate
Production of calcareous microfossils may have varied to cause deposition of the light and dark units. If the light units represent periods with higher upwelling influence, the associated fertility increase in the surface water may have increased production of coccoliths and planktonic foraminifera. Investigations off NW Africa, however, have shown that an increase in fertility produces a rather small increase in the accumulation rate of planktonic foraminifera (Diester-Haass, 1976) . Although benthonic foraminiferal accumulation rates are highly enhanced during increased upwelling, benthonic foraminifera normally form only a small proportion of total foraminifera tests in depths such as 1300 m (Diester-Haass, 1976) and thus are unlikely to be an important factor in the large increases in CaCO 3 content in interglacial periods when the lighter units were deposited. On a broader scale, Einsele (1982) discounts the importance of CaCO 3 production variations in causing chalk-marl cycles in sediments.
Varying dilution of calcium carbonate by terrigenous matter and~or opal
Changes in the proportions of insoluble terrigenous matter and biogenous opal might be an important factor for varying the CaCO3 concentrations. The composition of the coarse fraction (Fig.2d) shows larger radiolarian percentages in the carbonate-poor units. A more careful consideration reveals (see later) that this is an effect of dilution by planktonic foraminifera. Opal accumulation is actually higher during the warm periods when better CaCO 3 preservation occurs than in the dark-colored, glacial intervals. As a result, diatoms are more abundant in the light units and somewhat dilute their high carbonate contents.
The amount of terrigenous matter correlates well with sediment color: higher amounts of terrigenous particles > 40/~m are found in the dark units and lower values in the light units (Fig.4a) . This can be due to varying dilution of terrigenous matter by dissolution of CaCO 3 or to varying supply of terrigenous matter. During glacial intervals (dark units), the supply of terrigenous material is enhanced by factors of 2-6 relative to the interglacial units ( Fig.4a and b) , and so dilution of CaCO 3 by continental debris evidently contributes to the light-dark cycles. Our quantitative data is only on the 40-63 gm sized terrigenous matter, yet we believe the assumption that an increase in supply of 40-63 pm sized terrigenous matter is accompanied by an increase in < 40 ttm sized terrigenous fractions is justified.
Marine fertility and productivity
Changes in coastal marine fertility can be produced by variations in upwelling intensity and in river discharge. Enhanced productivity resulting from nutrient enrichment from either upwellings or rivers produces the same effect in underlying sediments: increases in concentrations of organic matter, biogenous opal, benthos, echinoderm spicules (Chamley and Diester-Haass, 1982) , and perhaps fish debris (Diester-Haass, 1983a, b; Diester-Haass, 1985) . A distinction between nutrient enrichment by rivers and by upwelling has been possible up to now only by means of sedimentological parameters: river discharge in subtropical/tropical regions is characterized by high <2#m fraction contents and by abundant debris of land plants in the sediments (op. cit.; Rogers, 1973; Sarnthein, 1982) . Our samples from Hole 532B contain neither plant debris nor marked increases in the < 2 gm fraction. Furthermore, the clay-mineral composition is constant throughout Core 532B-17, with mineral assemblages typical of arid weathering conditions (see later). River discharge does not seem to have been an important factor involved in the productivity variations, and we can focus on changes in upwelling intensity to explain the fluctuations in organic matter and biogenous opal contents in these Plio-Pleistocene sediments.
The organic matter content is higher in dark units than in the light ones, and we calculated that during cold periods there is an additional suppT~-of organic matter (Fig.3a, b , and Table 1 ). The biogenic opal content, formed by diatoms and radiolaria, is an important factor related to fertility in surface waters (Goll and Bjorklund, 1974; Maynard, 1976; Diester-Haass, 1978) . It is higher in the light units deposited in interglacial periods than in the dark ones (Fig.4d, e, f) . The radiolarian/diatom ratio is a measure of opal preservation, but also of opal production and thus fertility (Goll and Bjorklund, 1974) . The higher the fertility in the surface waters, the higher the diatom production and the more opal is contributed to the sediment. This increase in opal supply enhances preservation of opal, especially that of diatoms, which are more easily dissolved than radiolaria. Thus radiolarian/diatom ratios decrease with increased productivity. Light units show smallest radiolarian/diatom ratios and thus record the highest productivity (Fig.3f) .
Echinoderm spicules have been found to be sensitive indicators of increased food supply at the sea floor (Sarnthein, 1970; Chamley and Diester-Haass, 1982; Diester-Haass, 1985) . The percentage of spicules in the total benthos shows higher values in the light than in the dark units and thus indicates higher fertility (Fig.3g) .
We conclude that in the light units, which were deposited during intergla-cial periods, fertility in the surface water was higher than in the dark units, which were deposited during glacial periods. This finding seems to be a contradiction to the organic carbon content, which shows the opposite trend: higher amounts of organic matter in dark units than in light ones. To explain this apparent contradiction, the local circulation of the surface ocean should be considered (Hart and Currie, 1960; Van Zinderen-Bakker, 1976; Martin, 1981; Hagen et al., 1981) . During warm interglacial periods, the Benguela Current flows northward parallel to the coast of Namibia to about 23-20°S. Strong coastal upwelling occurs over the inner shelf and at the shelf edge (Summerhayes, 1983) . At 20°S the current turns westward (Fig.5A) . From the north, tropical water moves southward to about 20°S. At about 20°S (the latitude of Site 532), eddies of tropical water drifting towards the coast and eddies of upwelled water drifting to the sea are formed. The eddies of upwelled water drifting seaward contain opaline skeletons (Goll and Bjorklund, 1974; Schuette and Schrader, 1981; Hagen et al., 1981) as typical indicators of upwelling. Upwelling, centered on the shelf and shelf edge, is recorded in the sediments from Hole 532B because of westward transport by drifting eddies of upwelled water. This process explains the high opal content in the lightcolored interglacial intervals in Site 532, which do not indicate anything about upwelling intensity on the shelf, but are only a signal of the westward turning Benguela Current which carries opal from the upwelling area to the core site. Similar patterns of interglacial high opal content and lower glacial values has been found in oxygen isotope stages 1-6 of Hole 532 (Diester-Haass, 1985) .
During glacial periods, the Benguela Current did not turn westward at 23-20°S, but continued to flow close to the coast until about 17°S (Van Zinderen-Bakker, 1976; Fig.5B ). Westward-drifting upwelled water masses did not occur at 20°S, the area of Hole 532B, and biogenous opal deposition, consequently, was much lower in glacial times than during interglacial times.
In view of these changes in surface currents, how can the increased organic matter content in glacial intervals be explained? Two possibilities can be considered: (1) "shelf-to-basin transfer of organic matter" (Berger, 1970 (Berger, , 1982 Crowley, 1983) ; and (2) lowering of oxygen minimum zone.
In interglacial periods, sediments rich in organic matter are deposited on the broadened continental shelves of the world (Broecker, 1982 ). During glacial sea-level regressions, transfer of organic matter from the shelf to the continental slope accompanies erosion of the subaerially exposed sediments. Numerous examples of increased supply of organic matter during glacial periods to the continental slopes have been cited (Berger, 1970; Miiller, 1975; Berger and Vincent, 1981) .
A lowering of the oxygen minimum zone, which presently is at 400-800 m water depth off Namibia (Hagen et al., 1981; Summerhayes, 1983) , will enhance preservation of organic matter because a lessened oxygen content slows bacterial decomposition of organic matter. If this possibility occurred, better carbonate preservation should be found than in interglacial periods because a Tropical water
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Of~aline skeletons and organic matter decrease in bacterial decomposition leads to diminished CO 2 production and thus less carbonate dissolution. This hypothesis can be excluded because carbonate dissolution in glacial periods increases. We conclude that increased lateral supply of organic matter by bottom currents explains higher organic matter contents in glacial intervals. This interpretation implies that the food supply at the sea floor was greater during glacial than during interglacial periods. Percentages of echinoderm spicules, however, are higher in interglacial periods when upwelling occurred at Site 532. No information on spicule dissolution is available. Our findings suggest that echinoderms, which have calcite skeletons with 2-4~/o Mg (Milliman, 1974) , are more readily dissolved in glacial intervals, when foraminifera and nannoplankton are also strongly dissolved, than in interglacial periods at this site. Hence, the value of spicules as fertility indicators is challenged as they appear to be subject to dissolution.
Glacial-interglacial climatic changes
These Walvis Terrace sediments provide an opportunity to consider possible changes of climatic conditions during the fluctuations from glacial to interglacial conditions indicated by 6180 values. A change in continental climate could account for the observed increase in terrigenous matter supply in the 40-63/~m fraction in the dark, glacial-period sediments. Alternatively, the increase could reflect stronger winds and enhanced eolian supply under generally unchanged climatic conditions on the continents.
Climatic variations on continents can be detected in continental slope sediments from grain-size variations of terrigenous matter, mineralogical composition, plant debris, and fluviatile diatoms (Rogers, 1973; Sarnthein, 1982; Diester-Haass, 1983a, b) .
Site 532 lies off the Namib desert. Terrigenous matter may reach the core site from eolian transport or from fluvial transport from the African continent. Direct fluvial sediment supply from local rivers is improbable because landderived plant debris is absent and the <2/~m fraction is not abundant (Bremner, 1975; Diester-Haass, 1985) . Furthermore, pollen analyses by Van Zinderen-Bakker (1984) indicate that arid conditions prevailed along the Namibian coast since late Miocene times, making river supply from this coast even less probable. Eolian supply is also not important (K. Heine, pers. commun., 1985) , largely because prevailing winds of today do not blow seaward from the Namib in the region of 20°S.
The Orange River, reaching the sea at about 28-29°S, transports enormous quantities of river mud to the ocean which could be distributed northward by the Benguela Current. Although information is not available on the amount and direction of dispersal of Orange River muds in the sea, comparison of the clay-mineral composition of samples from the Namib desert and from Orange River muds (kindly provided by K. Heine) with the clay-mineral spectrum from Site 532 shows that Site 532 and Orange River muds contain nearly the same clay-mineral spectrum, whereas Namib samples are quite different (Table 2) . These results point to the possibility that most of the clay minerals present in Site 532 sediments originated from the Orange River and that eolian supply from the Namib was minor for the clay fraction but occurred mainly in the silt fraction during this period of time near the Plio-Pleistocene boundary. (Chester et al., 1972) The observation of an increase in terrigenous silt-sized matter during glacial periods in Site 532 sediments (Fig.4) can be explained by increased wind velocities and thus increased local supply from the Namib desert. As shown in Fig.6 , most of the increase in the silt fraction is due to increases in quartz content of the sediment. An additional source of insoluble material might be erosion of the subaerially exposed shelf during the deposition of the dark, glacial-period layers.
The clay-mineral composition of the < 2 pm fraction is uniform. No significant changes can be observed throughout the sediment column studied, nor can the small compositional changes (Fig.4d ) be related to dark-light cycles. We conclude that neither the source area nor the climatic conditions of this area changed during the corresponding time intervals.
We infer that all clay minerals are detrital and hence are valid indicators of the continental climates of their source regions. Our inference is based upon the observation that detrital quartz concentrations vary with both illite and montmorillonite (Fig.6) and is supported by two other observations. First, the illite peak is sharp, indicating good crystallinity and making diagenetic formation from montmorillonite unlikely. Second, the absence of volcanic material in these sediments rules out a diagenetic origin of the montmorillonite.
The clay minerals in Core 532B-17 have the same composition as the modern Orange River mud. We conclude that in this Plio-Pleistocene time the Orange River was the major source of clays in Site 532 and that the climate in the area of origin remained unchanged during glacial and interglacial periods and was similar to the present, dry one. The only difference between Site 532 sediments and Orange River muds is the presence of small contributions of kaolinite in Site 532 samples. Kaolinite indicates tropical weathering. The very low kaolinite content suggests that there is no major influence from the Kunene shelf to the north (Fig.l) , inasmuch as Bremner (1975) observed an increase in kaolinite in surface samples off the Kunene River and explained it by the supply of clay minerals from tropical areas.
To test further the possible importance of eolian input of continental materials, we compared the clay-mineral composition of Site 532 sediments to that of atmospheric dust collected off SW Africa (Chester et al., 1972) (Table 2 ). The atmospheric dusts differ from the sediments by having rather high kaolinite and chlorite contents, whereas montmorillonite and illite are the main components of the Site 532 sediments. The difference can be explained by our assumptions that the clay minerals of Site 532 originate mainly from the Orange River and that eolian sources are of minor importance.
When comparing the variation over time in 40-63 #m sized terrigenous matter, and in quartz and the variation of CaCO 3 dissolution, we find a lag of about 20 cm between maxima of these parameters (Fig.6) . This implies that an event occurring in the sea --the maximum in carbonate dissolution --and an event, occurring in the atmosphere above the continent --the maximum in terrigenous matter supply --are displaced by about 4000 years, assuming accumulation rates of 5 cm 1000 yrs-1 .
We suggest the following sequence: during the transition from an interglacial to a glacial period, sea level is lowered relatively rapidly. An increase in organic matter quickly results, and bacterial decomposition of the organic matter produces a spike in carbonate dissolution. Maxima in dissolution and in organic matter are at the same sediment depth. During this dissolution spike, terrigenous sediment supply is still low, close to interglacial conditions. The ratio of measured versus calculated terrigenous material amounts is also low (Fig.4b) . After about 4000 years past the dissolution spike, wind strength has reached its maximum and enhances the supply of 40-63 gm sized terrigenous matter. The tm/tc ratio is highest (Fig.4b) when carbonate dissolution decreases. During the transition from the glacial interval to the following interglacial interval, sea-level rise and wind strength decrease are simultaneous, and minima in calcium-carbonate dissolution and in terrigenous matter supply occur in the same sediment interval.
CONCLUSIONS
(1) The primary cause of the light-dark variations in the color of PlioPleistocene sediment deposited at Site 532 on the Walvis Ridge is from variations in preservation of biogenic carbonates. Light cycles correspond to interglacial periods of better preservation; dark cycles occur during glacial times of greater carbonate dissolution.
(2) Carbonate dissolution at this location has been influenced largely by the supply of oxidizable organic matter to the sea bottom. Dark-colored sediment units contain evidence of enhanced influx or organic matter, probably through downslope transfer from shallower locations during periods of glacially lowered sea level.
(3) Marine productivity over this part of the Walvis Ridge has been greater during interglacial times than during glacial periods, reflecting shifts in the location of the main core of the Benguela Current and associated upwelling eddies with these climatic changes.
(4) The clay-sized terrigenous matter in Site 532 sediments originated mainly from the Orange River and was transported by the Benguela Current northward to the Walvis Ridge. The clay-mineral composition remained constant in glacial and interglacial intervals. The silt-sized terrigenous matter is assumed to originate from local sources in the Namib by wind. This eolian supply increased during glacial periods as an additional factor contributing to lowering the carbonate concentrations of sediments.
